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In these proceedings, next-to-leading-order (NLO) QCD and electroweak
(EW) corrections to pp → e+νeµ−νµbbH at the LHC are presented. In
these computations the top quarks are considered off their mass shell and
all non-resonant contributions are included. The results are presented in
the form of fiducial cross sections and differential distributions. Moreover,
two prescriptions to combine QCD and EW corrections are examined.
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1 Introduction
At the LHC, the production of pairs of top-antitop quarks in association with a Higgs
boson is key to probe the Yukawa coupling of the Higgs boson with the heaviest
particle in the Standard Model, the top quark. To that end, solid theoretical predic-
tions are required. In particular, the NLO QCD corrections for on-shell top quarks
are known since more than 15 years [1, 2, 3, 4]. The electroweak (EW) ones have
been computed only few years ago [5, 6, 7]. In addition, these fixed-order computa-
tions have been later supplemented by resummed ones [8, 9, 10, 11, 12] and by their
matching to parton shower [13, 14, 15].
The first computation with off-shell top quarks has been obtained in Ref. [16].
The partonic process considered is pp→ e+νeµ−νµbbH and the computation featured
NLO QCD corrections as well as all off-shell and non-resonant contributions. Later,
the NLO EW corrections have been computed and combined with the previous NLO
QCD computation [17]. These proceedings reproduce the main results of Ref. [17].
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Figure 1: Cartoon of the effect of EW corrections in the high-energy tails of distribu-
tions (left). Cartoon of the on-shell region concentrating the bulk of a cross section
and the off-shell region in the tails of distributions where non-resonant contributions
are sizeable (right).
The two main aspects of this computation are the inclusion of EW corrections and
of non-resonant contributions. Typically EW corrections become negatively large at
high energy due to the effect of the so-called Sudakov logarithms. This is illustrated
in a cartoon on the left-hand side of Fig. 1. In the same way, non-resonant con-
tributions become sizeable in the tails of distributions. This is represented on the
right-hand side of Fig. 1 where the on-shell region is dominated by the resonance
while the off-shell region features sizeable non-resonant contributions. In both cases,
these effects are critical in the high-energy tails of differential distributions which is
the region where new physics is expected to appear. It is therefore crucial to have a
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good theoretical description of this part of phase space. With increasing experimen-
tal precision, this region will become accessible in the next few years, making such
predictions indispensable.
This contribution is organised as follows: In the first part, results for the EW
corrections are given. In the second section, the EW corrections are combined with
the QCD ones using two different prescriptions.
2 Electroweak corrections
In this section we briefly present some differential distributions with EW corrections
for pp→ e+νeµ−νµbbH at the LHC running at 13TeV. For the details of the set-up
we refer the reader to the original article [17].
In Fig. 2 (left), the distribution in the missing transverse momentum is shown.
The EW corrections display the typical Sudakov behaviour towards large transverse
momentum. At 400 GeV, the corrections reach about −8%. For the invariant mass
of the ttH system (right of Fig. 2), the corrections are positively large at threshold
(above 10%). They decrease then steadily towards higher invariant mass and are at
the level of −5% around 1.5 TeV.
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Figure 2: Differential distributions for pp → e+νeµ−νµbbH at the LHC running at
13TeV [17]: missing transverse momentum (left) and invariant mass of the ttH system
(right). The plots show the NLO EW corrections as well as the photon-induced
contributions.
The photon-induced contributions shown separately in the plots amount only to
a per cent and are uniform across the phase space. These have been obtained using
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the LuxQED PDF [18] which feature smaller photon distribution functions than older
sets [19].
3 Combination with QCD corrections
Let us now turn to the combination of the EW corrections with QCD corrections.
Both NLO corrections are defined as
σNLOQCD = σ
Born + δσNLOQCD and σ
NLO
EW = σ
Born + δσNLOEW . (1)
There exist multiple ways of combining them, but we focus here on two prescrip-
tions. The first one is the so-called additive prescription which consists in adding
both corrections
σNLOQCD+EW = σ
Born + δσNLOQCD + δσ
NLO
EW . (2)
The second way of combining the two types of corrections is the multiplicative
way. It is defined as:
σNLOQCD×EW = σ
NLO
QCD
(
1 +
δσNLOEW
σBorn
)
= σNLOEW
(
1 +
δσNLOQCD
σBorn
)
. (3)
Both prescriptions are equivalent at NLO accuracy. Nonetheless, the multiplica-
tive one is usually preferred based on the argument of the factorisation of both types
of corrections and consequently gives a better estimate of missing higher-order con-
tributions of mixed type.
In the following, several cross sections and differential distributions are presented
for pp→ e+νeµ−νµbbH at the LHC running at 13TeV. Again, we refer the interested
reader to Ref. [17] for details.
In Table 1, LO, NLO QCD, and NLO EW predictions are presented.∗ In addition,
the numerical predictions for the combinations of the two NLO corrections are given.
As can be seen, the difference between the two prescriptions is irrelevant. This is
simply due to the fact that the NLO EW corrections are very small at the level of
the total cross section.
In Fig. 3, two differential distributions are shown for both the additive and the
multiplicative combination of the NLO EW and QCD corrections. The plot on the
left shows the transverse momentum of the Higgs boson. As for the total cross
section, both prescriptions are very similar. This originates from the fact that the
total corrections of this distribution are dominated by the QCD ones, while the EW
corrections are small making the two combinations effectively identical. Turning
to the differential distribution in the invariant mass of the reconstructed top quark
∗Note that σLO and σBorn are not identical because different top widths have been used (see
Ref. [17]).
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σLO σBorn σNLOQCD σ
NLO
EW σ
NLO
QCD+EW σ
NLO
QCD×EW
2.4817(1) 2.7815(1) 2.866(1) 2.721(3) 2.806 2.804
Table 1: Cross sections in femto barn for pp→ e+νeµ−νµbbH at LO, NLO QCD, and
NLO EW [17]. The Born value corresponds to the tree-level contribution entering the
NLO predictions. The two most right columns correspond to the two prescriptions to
combine EW and QCD corrections. The digits in parenthesis represent the numerical
error.
(right), one can actually see differences between the two prescriptions. This is due to
the large radiative tail for both types of corrections below the top-quark resonance,
which leads to significant differences between the two combinations. These differences
can give an estimate of missing higher-order corrections of mixed type.
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Figure 3: Differential distributions for pp → e+νeµ−νµbbH at the LHC running at
13TeV [17]: transverse momentum of the Higgs boson (left) and invariant mass of the
reconstructed top quark (right). Both the additive and the multiplicative combination
of the NLO EW and QCD corrections are shown.
4 Conclusion
In these proceedings results for the electroweak corrections to pp→ e+νeµ−νµbbH at
the LHC have been presented. The main advantage of this computation is that it fea-
tures EW corrections together with all off-shell and non-resonant effects. These cor-
rections have been combined with the QCD ones following two prescriptions. All these
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effects will become particularly relevant in the next few years when the experimental
precision will allow to explore further high-energy tails of differential distributions.
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